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SEMICONDUCTOR DEVICE AND METHOD FOR PRODUCING THE SAME 

S 5 

< [Claim(e)] 
J— 

J3 [Claim 1] 

GO A semiconductor device characterized by including 

10 an organic-semiconductor layer, 

a first and a second electrodes which are in contact with the organic- 
semiconductor layer and are opposed to each other, 

an electric-field-concentrating-shaped portion disposed on at least 
one electrodes of the first and second electrodes and having a shape 
generating a concentrated electric-field between the electric-field- 
concentrating-shaped portion and the other electrode. 
[Claim 2] 

The semiconductor device according to claim 1, characterized by 
further including a gate electrode opposed to the organic-semiconductor 
20 layer between the first electrode and the second electrode. 
[Claim 3] 

The semiconductor device according to claim 1 or 2, characterized by 
that the electric-field-concentrating-shaped portion includes a protrusion 
protruding from either the first or second electrode toward another 
25 electrode. 

[Claim 4] 

The semiconductor device according to claim 3, characterized by that 
the protrusion has a head shape. 
[Claim 5] 

30 The semiconductor device according to claim 3 or 4, characterized by 

that the protrusion formed in either the first or second electrode containing 
a nanotube or nanowire whose head is turned to another electrode. 
[Claim 6] 

The semiconductor device according to one of claims 3 to 5, 
35 characterized by that 

the first and second electrodes respectively have the protrusions, and 
the protrusions are opposed to each other. 
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[Claim 7] 

The semiconductor device according to one of claims 1 to 5 
characterized by that 

the electric-field-concentrating-shaped portion has a plurality of first 
protrusions protruding from the first electrode to the second electrode and a 
plurality of second protrusions protruding from the second electrode to the 
first electrode, and 

the first protrusions and the second protrusions are opposed to each 

otner. 
10 [Claim 8] 

The semiconductor device according to one of claims 1 to 5 
characterized by that 

the first electrode has a first protrusion protruding toward the 
second electrode and a first flat part opposed to the second electrode, and 

the second electrode has a second protrusion protruding toward the 
first electrode and a second flat part opposed to the first electrode 
LClaim 9 J 

The semiconductor device according to one of daims 1 to 8 
characterized by that 

20 „• /, ^ ° f SleCtric field concentrating regions are disposed 
discretely between the first and the second electrodes 
[Claim 10] 

The semiconductor device according to one of claims 1 to 6 
characterized by including two pairs of the first and second electrodes, and 
a opposing direction of one of the pair of the first and second 

lllTotZ T d a ° PPOSine direCti ° n ° f an ° ther Pair ° f the fir3t second 
electrodes are crossing. 

[Claim 11] 

The semiconductor device according to one of claims 1 to 10 
> characterized by 

the organic-semiconductor layer is made of at least one organic- 
--conductor material selected from the group consisting of pentacene 
ohgo thtop W ohgo thiophene having a substituent, bis-dithieno ' 
thiophene, dialkyl anthra dithiophen having a substituent, metal 

Phthalocyanine, fluorinated copper-phthalocyanine, N,N-dialkyl- 
naphthaleue 1>4 , 5 8 . tetracarboxyl . c acid ...^ 

3,4,9,10-perylene tetracarboxylic acid dianhydride, N.N-dialkyl-3 4 9 10- 
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perylene tetraearboxylic acid diimide, fullerene, regie regular poly, and 

poly-S.d'-dialkylfluorenecobithiophene 
TCI aim 12] 

The semiconductor device according to one of claims 1 to 11 
S characterized by that 

the first and second electrodes are made of at least one conductive 
material selecting from a group consisting of gold, platinum, silver 
magnesium, indium, copper, aluminum, lithium, indium oxide, tin oxide 
zinc oxide, lithium oxide, and lithium fluoride 
) [Claim 13J 

A method of manufacturing a semiconductor device characterized by 
comprising steps of: 

forming an organic -semiconductor layer, 

forming first and second electrodes having an electric-field- 
concentrating shaped portion disposed on at least one electrodes of the first 
and second electrodes and having a shape generating a concentrated 

electric fie d between the electric-field concentrating-shaped portion and 
the other electrode, and 

W £ °T7 * eleCtr ° de ° PP ° Sed t0 the ^^--semiconductor layer . 
between the first electrode and the second electrode 

[Claim 14] 

claim ™ e i metlU,d of — facturing a semiconductor device according to 
claim 13, characterized by further including a step of heat-treating the 
organic-semiconductor layer after the step of forming the organic- 
semiconductor layer. 
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[Detailed Description of the Invention] 
[OOOl] 

[Field of the Invention] 

This invention relates to a semiconductor device and a method of 
5 manufacturing the same, more specifically, relates to a field-effect 

transistor using an organic semiconductor and a method of manufacturing 
the same. 

I00O2] 

[Description of the Prior Art] 
10 In recent years, the attention to an organic thin film field effect 

transistor is increasing. In an organic thin film field effect transistor for 
example, a gate insulating film, one pair of the source / drain electrodes 
and an organic- semiconductor layer are formed on a gate electrode in this 
order. A drain current flows the semiconductor layer between the source / 
drain electrodes by making a gate electrode into suitable potential and 
applyxng a suitable voltage (drain voltage) between one pair of the source / 
drain electrodes. 
[0003] 

Since the carrier density of the organic-semiconductor layer is small 
m order to enlarge the current which flows between one pair of the source / 
dram electrodes, the current is subjected to flow wide area in the organic- 
semiconductor layer. 

Figure 14 is an illustrative top view showing the configuration of the 
source / drain electrodes of the conventional semiconductor device (organic 
thin film field-effect transistor) 70 containing an organic semiconductor 
In figure 14, the organic-semiconductor layer is not shown 
[0004] 

One pair of the source / drain electrodes 72 and 73 having comb- 
shape 18 formed on gate oxide film 71 so that the source electrode and the 
dram electrode are arranged to fit with each other with slight space The 
source / drain electrode 72 and the source / drain electrode 73 are arranged 
so that the space between them are almost constant in the area that these 
electrodes are opposed. 

If a gate electrode (not shown) is set to suitable potential, a drain 
current will flow in the organic-semiconductor layer corresponding to the 
field between the source / drain electrode 72 and the source / drain 
electrode 73. Since a drain current flows the wide field in the organic- 
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semiconductor layer, big current as total flows between one pair of the 

source / drain electrodes 72 and 73. 

[0005] 

Moreover, one pair of parallel plate electrodes arranged parallel with 
5 each other might be used instead of the electrode of the source / drain 
electrodes 72 and 73 having comb-shape. In this case, it is designed so 
that the current flows evenly and stably between one pair of parallel plate 
electrodes. The semiconductor device equipped with such parallel plate 
electrodes is disclosed by the following nonpatent literature 1 
10 [0006] 

[Nonpatent literature l] 
Chemistry 2001, vol.56, No. 10 p. 21 

[0007] 

fProblem(s) to be Solved by the Invention] 
15 However, the formation field of the source / drain electrodes 72 and 

73 becomes large by making the source / drain electrodes 72 and 73 into 
comb-shape. For this reason, the miniaturization of the device was 
difficult. Moreover, if spacing between one pair of the source / drain 
electrodes 72 and 73 having comb-shape is narrowed, the magnitude of the 
dram current at normal state is greatly dependent on a drain voltage and 
not stable, and produce the problem that a large ON/OFF ratio cannot be 

taKcQ. 

[0008] 

Then, the object of this invention is offering a semiconductor device 
containing a organic semiconductor which can be miniaturized 

Other object of this invention is offering a semiconductor device 
containing a organic semiconductor which can take a large ON/OFF ratio 
even if space between the source / drain electrodes is narrowed 
Another object of this invention is offering a method for 
30 manufacturing a semiconductor device which can be miniatured and 
contains the organic semiconductor. 
[0009J 

Yet another object of this invention is offering a semiconductor 
device containing organic semiconductor which can take a large ON/O FF 
ratm even if the space between the source / drain electrodes is narrowed. 

[The means for solving a technical problem and an effect of the invent! 
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on] 

Invention according to claim 1 for solving the above-mentioned 
technical problem is a semiconductor device (l, 15, 20A-20C, 27. 29, 31 
35A-35D, 40, 50) characterized by including an organic-semiconducior layer 
(8, 44, 51), a first and a second electrodes (7A, 7B, 21A, 2 IB 25 A 25B 28A 
28B, 30A, 30B, 32A, 32B, 37A, 37B, 45A, 45B, 52A, 52B, US, UD, 23S, 23D, 
38S, 38D) which are in contact with the organic-semiconductor layer and 
are opposed to each other, an electric-field-concentrating-shaped portion <7p 
Hp. 16p, 21 P> 23p, 25p, 28 P , 30 P , 32p, 36, 52p) disposed on at least one 
electrodes of the first and second electrodes and having a shape generating 
a concentrated electric-field between the electricfield-concentratingshaped 
portion and the other electrode. 
[0011] 

Xn addition, the numbers in a parenthesis shows the relative 

elements in the below-mentioned embodiments. This also applies in this 
term. 



For example, the electric-field-concentrating-shaped portion can be 
made into a configuration in which spacing with another electrode becomes 
short, compared with other area, in the area that the first electrode and the 
20 second electrode are opposed. 

According to this invention, if a voltage is applied between the first 
and second electrodes, concentration of electric field will arise near the 
slectnc-field-concentrating-sbaped portion formed in at least one of the 
first and second electrodes. That is, near the electric-field-concentrating- 

25 shaped portion, electric field stronger than the other area will arise Thus 
the career is intensively injected through the electric-field-concentrating- ' 
shaped portion by centralizing electric field positively. Therefore even 
when the voltage between the first and the second electrodes is low a big 
current flows in the organic-semiconductor layer 

30 [0012] 

Thereby, as compared with the source / drain electrode having comb- 
shape of the conventional organic thin film field-effect transistor the 
formation area of the first and second electrodes can be made small 
Therefore, the semiconductor device equipped with the first electrode and 
second electrodes having such the electric-field-concentrating shaped 
portion can be miniaturized. 

This semiconductor device may be various kinds of diodes, 
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transistors, and organic EL devices. 
[0013] 

Invention according to claim 2 is a semiconductor device (l 15 20A- 
20C, 27, 29, 31, 35A-35D, 40, 50) according to claim 1 characterized by 
further including a gate electrode (2, 42, 53) opposed to the organic- 
semiconductor layer between the first electrode and the second electrodes. 

According to this invention, a current can flow between the first 
electrode and the second electrode through the organic-semiconductor layer 
by making the gate electrode into suitable potential and applying a suitable 
voltage between the first and second electrodes. That is, this 

semiconductor device functions as a field-effect transistor 
[0014] 

The gate electrode and the organic-semiconductor layer may counter 
on both sides of the insulator layer. 

Either the first electrode or the second electrode may be a source 
electrode, and another electrode may be a drain electrode. The first and 
second electrodes may be bottom-contact type or top-contact type 

Experiments have shown that even if spacing between the electric- 
field-concentrating shaped portion and another electrode was narrowed the 
semiconductor device could achieve a large ON/OFF ratio 
[0015] 

As described in claim 3. the electric-field-concentrating-shaped 

IT2 Z\ C ° nt&in Pr ° trUSion "P. "P. 21P, 23p, 25p, 28p, 30 P , 
32p, 36, 52 P ) protruding from either the first electrode or the second 
electrode to another electrode, for example. 

In the part in which a protrusion exists, spacing between the first 
and second electrodes can become narrow compared with other parts. 
Thereby, electric field can be centralized near the head of a protrusion. 

30 Moreover, it is desirable that spacing between the above-mentioned 

protrusion formed in either the first electrode or the second electrode and 
another electrode is 1 micrometer or less. Thereby, the electric field can be 
centralized near the head of a protrusion, and the miniaturization of a 
semiconductor device can be attained by making the formation field of the 

« nrst and second electrodes small. 

As described in claim 4,the protrusion may have a head configuration 
for example. Especial, as for the protrusion, the tapering shape (for 
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example, tip shape) in which width becomes narrow gradually toward the 
head (another electrode side). In this case, it is desirable that the radius 
of curvature at the head of the protrusion is made as small as possible, and 
thereby, electric field can be centralized near the head of the protrusion 
5 more effectively and more positively. 
[0017] 

Moreover, the -configuration of the protrusion may have almost fixed 

width. 

Invention according to claim 5 is a semiconductor device (35A-35D) 
10 according to claim 3 or 4 characterized by that the protrusion formed in 
exther the first or second electrode containing a nanotube (86) or nanowire 
whose head is turned to another electrode. 

The nanotube is a extra-thin tubular object having a diameter of 
nanometer (am) order. Electric field concentrates effectively at the head of 
15 the nanotube turned to another electrode 
[0018] 

Only one nanotube or a plurality of nanotubes may be formed in the 
first electrode and the second electrode. Moreover, the nanotube may be 
formed in either the first electrode or the second electrode, or may be 
20 formed in both of them. 

Example of the nanotube includes a carbon nanotube and a titania 
nanotube. That is, the carbon nanotube may be formed in either or both 
the first electrode and the second electrode, and the titania nanotube may 
be formed « them instead of the carbon nanotube or with the carbon 
25 nanotube. 

[0019] 

A nanotube can be connected to the first electrode and the second 
electrode by an electrophoresis method. 



30 



35 



A nanowire is an extra-thin wire-like object having a diameter of 
nanometer (nm) order. Electric field concentrates at the head of the 
nanowire turned to the another electrode effectively as well as the nanotube. 
The nanowire can be made of a conductive material used as electrode 

foo20] SUCh aS e ° ld (AU> ' platinum (Pt) ' and silver (A e>- 

Invention according to claim 6 is a semiconductor device (l 15 20A 

that h f- 35A T' aCC ° rding t0 ° f Clai - S 3 te *■ charactered by ' 
that the first and second electrodes respectively have the protrusxons < 7 p. 
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16p, 2lp. 28p, 30p, 32p, 36, 52p), and the protrusions are opposed to each 
other. 

According to this invention, electric field can be centralized between 
the protrusions formed in the first electrode and the protrusion formed in 
5 the second electrode. Therefore, since it is possible to make the current 
concentrate in narrow area in the organic semiconductor layer the 
miniaturization of the semiconductor device can be attained by making the 
formation field of the first electrode and the second electrode small 
[002 1] 

Invention according to claim 7 is a semiconductor device (20A 27 29 
31, SBC) according to one of claims 1 to 5 characterized by that the eiectric ' 
field-concentrating-shaped portion has a plurality of first protrusions (2lp 
28p, 30p, 32p, 36) protruding from the first electrode to the second electrode 
and a plurality of second protrusions <21p. 28p, 30p, 32p, 36) protruding 
from the second electrode to the first electrode, and the first protrusions 
and the second protrusions are opposed to each other 
[0022] 

According to this invention, a big current can be flowed between a 
plurality of the first protrusions formed in the first electrode and a 
Plurality of second protrusions formed in the second electrode. Therefore 
the current which flows between the first electrode and the second electrode 
can be enlarged as total. 

Invention according to claim 8 is a semiconductor device (20 C) 
according to claim 1 to 5, characterized by that the first electrode(25A) has 
a first protrusion 25p) protruding toward the second electrode (25B) and a 
first fiat part (250 opposed to the second electrode, and the second electrode 
has a second protrusion (25p) protruding toward the first electrode and a 
second flat part (25f) opposed to the first electrode 
[0023] 

elect, J' ?" P ™ rUSi ° n " f0r,ned » siti « «r.t electrode or the second 
e ectrode to winch a carrier is injected, the current can be enlarged 
effictently. The electrode to which a carrier is injected is determined by 
he ^n.tud e relation of the potential between the firs, electrode and the 
second electrode, and by m ain carrier in an or g anic se m ico»ductor layer 
According to this invention, a current can flow between the first ' 
protruston and the second flat part and between the second protrusion and 
the flret flat part. Therefore, even when the Cher the first electrode or 
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the second electrode to which a carrier is injected is reversed, a current can 
be enlarged efficiently since a carrier is injected in either the first 
protrusion or the second protrusion. 
[0024] 

5 ,7 oo IT?! 011 *T rding t0 ° laim 9 " * semi *°»ductor device (20A-20C, 
27 29. 81. 35A-35D) according to one of claims 1 to 8 characterized by that 
a plurahty of electric-field concentrating regions are disposed discretely 
between the first and the second electrodes. 

According to this invention, a current can flow in the electric-field 
10 concentrating regions disposed discretely. Therefore, the current which 
flows between the first electrode and the second electrode can be enlarged 

[0025] 

Invention according to claim 10 is a semiconductor device (15) 
.6 according to one of claims 1 to 6, characterized by including two pairs of the 
firs, electrodes (MA. 17A) and second decodes (16B. 17B). and a opposing 

d.recUon of another pair of the firs, and second eieCrodes are crossing 
■o ,b r '° tWs 'mention, the current value which flows between 

■0 the firs, electrode and ,he second eleCrode can be measured by hall effect 

firs, electrode and the second e.ectrodes. while arranging ,he semiconductor 
dev ce ,n a suable magnetic field, and applying an voltaee between 
another pair of ,he firs, eleCrode and ,he second eleCrode, and making a 

the ol Z: T SU ' table P ° tentia1 ' thCreby "»«• ktlo 

he patr of ,he electrodes. Thereby, the carr.er mobi,ity ia the organie 

layer can be measured. e 
[0026] 

s« mi , T TT^ Mmic0ai ^ """erial «>«t constitutes an organic- 
"7;°' Uy ; r U "°< °»°°™y "-'ted. A well-known materia, of 
low molecular and macromolecule of ^-conjugated system can be used For 
example, as described in cla.m u, the organic-semiconductor layer can b! 
made of a, leas, one organic-semiconducor materia! selected from the 
group consisting of peu.acene, oligo ,hiophe„e, oligo thiophene having a 
aubsutuen,, bis-dithieno thiophene, diaikyl anthra dithiophen havTng a 

Kt~i met f 1 th Ph , ,hal — oopper-phL^cy alTe, 

d,alkyl --'' h tha.e„e-l,4.5,8-,e,racarboxylic acid diimide substitution 
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product, 3,4,9,10-perylene tetracarboxylic acid dianhydride. N.N'-dialkyl- 

3,4,9, 10-perylene tetracarboxylic acid diimide. fullerene, regie regular poly 

andpoly-9,9'-dialkylfluoren6-cobithiopherxe. 
[0027] 

The organic-semiconductor material is preferably oligomer. Since 
oligomer is easy to refine, and since it is easy to obtain oligomer that 

molecular weight is equal, it can make the organs-semiconductor layer 
uniform. * 

As described in claim 12, the first electrode and the second electrode 
can be made of at least one conductive material selecting from a group 
consisting of gold, platinum, silver, magnesium, indium, copper, aluminum. 

fluolTe 1 OXidS ' ° Xide ' ° Xide ' HtMum ° Xide< and Hthium 

[0028] 



kind JX" SeC ° nd eleCtr ° de ™* b * «« «J» one 

kind of these conductive materials. The first electrode and the second 

electrode may be made of two or more kinds of these conductive materials 

Per example, the first electrode and the second electrode may be made of an 

alloy of mansion. (M.) and silver (A.), an alloy of magnesium and indium 

Hhinm (L 7 ma£ " eSiUm and «•»"•' < C ^ •* of aluminum (Al) and 

lithium (la), a compos.te material of aluminum and lithium fluoride (LiP) a 

(Tc^TOW 1 " d ««• CLICW, a solid solution' 

(so called ITO) of md.um oxide <ln 2 0») and tin oxide (SuO,), a solid solution 
of indium oxide and a zinc oxide (ZnO) etc 
!S (002 9J 

c„„H„ , Th<i f ' rSt el T° de 8M ° nd GleCtrode ™" >>° —«»• of same 

conduct™ matenal or may be made of different conductive material 

Moreover, whole of the first electrode and the second electrode may be made 

of same conductive material, of the electrodes may include different 

L" ^ T ; ' **, eXlmPl6 ' °°" t " ti - * e in8Ul "or layer 

(W Fu a ,b e ' r a ° d ° th " »oy be made of platinum 
ther pa :, ofTT' eleCtriC - fW < , -~ratin g . sh aped portion and the 

[0030] 

The invention according to claim 13 is a method of manufacturing , 
semiconductor device (l, 15 , 20A-20C, 27, 29, 31, 35A-35D 4C 5« 
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characterized by comprising steps of: forming an organic-semiconductor 

layens, 44, 51), forming first and second electrodes (7A 7B 21A 21B 

25B, 23A, 2SB, 30A, 30B, 32A. 32B, 37A, 37B, 45A, 45B 52k MB US 11D 

. (7n , 6 " eUctri '- fiel '»--''centra, i „g. sl , a ped portion 

electrodes of the first and second electrodes and having a shape generating 

a concentrated electric-field between the electric-field-™ f f T 

nortim, =.„h ti. ... etectric Held concentrat.ng-shaped 

port.on and the other electrode, forming a gate insulating layer (3 43 55) 
accent ,0 the organic eem.condnctor )ayer between the La Jct'ro 1 and 
ZTlZ * "* forrai "* S «"* <2 ' «• »» -PPosed to the 

eleetrlde ' ^ '"^ f ' rS ' ele "*° de lni th ° s "°» d 

[0031] 

» obtained iaVen "° n ' ' 8e * iC °" d « t °* "-ice according .0 claim 2 can be 

elect 1°* " ° f f ° rming ' he ele «~ de the second 
electrode e,u.pped with the alectric-fieid-ooneentra.iag-sh.ped portion may 
rnclude a step of forming the electrode film that is made of the ma rUlT 
he electrode and the second electrode by spatter, for example, aid a 

Tie ste^T"" 8 el6Ctr0de film ' eaVing ' P»»ion 
portion f ""T* eleCtr ° de mm W " h laa "^ * P-determined ■ 
por on, for esamp.e, may be done by ensuring the electrode film with 
Electron Bean. (EB) and then performing ion-milling 



[0032] 

25 senuconrr^ a ° COrdin ' t0 C ' aim " " * method 0f ™>»»fac«nring a 
senuconductor dense according to claim ,8. characterised by further 

.ncludrng a step „, heat-treating the organicsem.conductor layer after the 
step of forming the organic-semiconductor layer 

30 thine (lT t l dine k ^ inVenti0n ■ by the h6at '»•'««. an unnecessary 

mall o t " 68 *° or what has a 

emal con.r.but.on to conductivity) among the organic moiecu.es contained 
« t . organ.c-s.m .conductor .aye, can be evaporated, and the molecule 0 
an orgatuc semtconduc.or can be made to arrange in the specific 
arrangsment (orientation). ' 
35 [0033) 

olieo m . Th i e f 0rea, " 0 '? ,niC<>ndUCtOr laye ' is -ads of chained 

oLgomer (for examp.e, thiophene-based o..gon.er). m tWs caee , molec „ les 
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can be made to arrange easily by heat treatment. Heat treatment 
temperature can be set to, for example, a temperature that is 5 C* to 10 C° 
lower than melting point (glass transition temperature) of the material 
which constitutes the organic-semiconductor layer. At such temperature, 
5 molecular motion becomes active and chained oligomer is arranged for a 
short time. 
[0034] 

The mobility of an organic-semiconductor layer can be raised 
according to the above effect. 
10 [0035] 

[Embodiment of the Invention] 

Below, embodiments of this invention are explained to a detail with 
reference to accompanying figures. 

Figure 1 is the illustrative sectional view showing the structure of 
16 the semiconductor device concerning the first embodiment of this invention 
The semiconductor device 1 is an organic thin film field effect transistor 
(OFET). Gate oxide film 3 made of silicon oxide, one pair of the source / 
dram electrodes 7A and 7B. and organic-semiconductor layer 8 are formed 
in this order on the gate electrode 2 made of silicon that is made to be 
conductive by a dope of impurities. 
[0036] 

Gate oxide 3 is formed on whole surface of the gate electrode 2 The 
source / drain electrodes 7A and 7B are opposed to each other with a gap 
The organic- semiconductor layer 8 is formed on gate oxide 3, and the source 
25 / drain electrodes 7A and 7B so as to fill the gap between the source / drain 
electrode 7A and the source / drain electrode 7B. In other words the 
source / drain electrode 7A and the source / drain electrode 7B are opposed 
to each across the organic-semiconductor layer 8 
[0037] 

30 The source / drain electrodes 7A and 7B can be made of at least one 

conductive materials selecting from group consisting of gold CAu), platinum 
Pt), silver CAg), magnesium (Mg), indium (In), copper (Cu), aluminum (Al) 
lithium (Li), indium oxide (ln 2 0 8 ), tin oxide (Sn0 2 ), zinc oxide (ZnO) 
lithium oxide (LiaO), and lithium fluoride (LiF) 

35 [0038] 

The source / drain electrodes 7A and 7B may be made of one kind of 
these conductive materials. The first electrode and the second electrode 

- 13 - 



20 



06/81 39Vd 



•O'd '1WSH 



T08e-S9t7-2T9 9£:£X 



Ml-i&tM) NOIlVUna i l08C-SSKi9:aiSO . OOGKtfSINO t CM-JHXfiOidSn:HAS i Nil piBpuqs «P3l Wd im>l LMB IV QA3H . 06161 30Vd 

2004-111870^ 

may be made of two or more kind, of these conductive material. For 
example, the first electrode and the second electrode may be made of an 
alloy of magnes.um and silver, en alloy of magnesium and indium, an alloy 

. maTe °° PI>er ' " ^ ° f a ' UminU ™ " d » -mpoeite 

7 te " al ° f »!«■»"»»» and lithium fluoride, . composite material of 
aluminum and lithium oxide, a solid solutiou (so-called ITO) of indium 
ox,d. and tin oxide, a solid solution of indium oxide and a ,iuc oxidHtc. 

.0 the .„ tUS , emb0dime ■"• the ' -'air. electrodes 7A and 7B contain 

.0 he tttamum layer 5 adjacent and formed on gate oxide 3. and the platinum 
layer 6 formed on the titanium layer 5. By the titanium layer, Z 

ZT . The organ.c-semiconductor material that constitutes an 

.5 T yer81Sn0te8PeCiaUyUmi ' ed - A well-known 

Ted Fo l0W - m f eCU t lar " d --molecule of ..-conjugated system can be 
used. For example, the organic-semiconductor layer can be made of one or 
two or more selected from p.ntacene. oligo thiophene. oligo thiophene 
having a substituent. his-dithieno thiophene, dialkyl anthra dithtopTen 
having a subst.tuent, metal phthalocyanine, fluorinated copper- 
Phthalooyauine, N.N' dlalkyl- 0 aphthalene-l,4, 8 . 8 .tetr a carboxylic acid 
d.imide substitution product, 3, 4 , 8 , 1( ,pery,ene tetracarboxylic acid 
d,anhydr.de, N,N-dia. k yl-3,4, 9 ,10-psr yl ene tetracarboxylic acid dlimlde ,. 
conjugated low-mo,ecular such as fullerene, regie regu.ar poly (3- 

n ' SUCh " ' eSVl " X" (3-hexyl,hio P hene). and *■ 

d atvTfl m ~ 1CCUle M — jugated copolymer su h as poly-9 9- 
dialkylfluorenecobithiophene. ' 
[0040] 

In the semiconductor device l s> r.,,,—^ * fj 
hptwoi aevice 1, a current (drain current) can flow 

between the source / drain electro^ 7 a a „ a +-u 
30 through the th» • eleCtr ° de 7A and *e source / drain electrode 7B 

tnrougn tne the organic-semiconductor laver 8 h v r« a f 

i~4-~ vi layer a oy making the gate eleetvnrfo 

into suitable notential w4+k i 5 c eiB cwoae 

oie potential with applying a suitable voltage (gate voltage) 
between gate electrode 2 and around h„ . ! • voltage^ 
(drain \ ■ , ground, and by applying a suitable voltage 

(drain voltage) between the source / drain electrode 7 A and the source / 
drain electrode 7B That i« _. source / 

35 field-effect transistor "-.conductor device 1 functions as a 

(0041] 

Figure 2 is the illustrative perspective view showing the 
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configuration and arrangement of the source / drain electrodes 7A and 7B of 
the semiconductor device 1 of figure 1. In figure 2, the organic- 
semiconductor layer 8 is not shown. 

The source / drain electrodes 7A and 7B include band-like section 7r 
. mostly prolonged along the same straight-line, and protrusion 7 P of almost 
triangular shape in plane view that are formed on the top of the band-like 
section 7r. Protrusion 7p of the source / drain electrode 7A has the tip 
configuration, and is tapering off toward the source / drain electrode 7B 
Similarly, protrusion 7p of the source / drain electrode 7B has the tip 
conf lguratioil) and is tapering off toward the source / drain electrode 7A 
That „, pm ion 7p of the sQurce , dra . n ejectrode ^ ^ d ^ • 

of the source / drain electrode 7B are opposed to each other. 
[0042] 

In this embodiment, the head of protrusion 7p forms the ridgeline 
Furthermore, protrusion 7p may be made into a tapered form also about the 
thickness direction, and head may substantially be a dot 

n«t SP& T g Pr ° trUSi0n ? P ° f th * ' drain electrode 7A and 

protrusion 7p of the source / drain electrode 7B is preferably 1 micrometer 

OJP L & S $ , 

With the SUCh Conf ^-tion of the source / drain electrodes 7A and 
7B, an voltage is applied between the source / drain electrodes 7A and 7B 
electric fie d will concentrate near head 7e of protrusion 7p. Thus, sTnce 
injection of a carrier takes place intensively near the head 7e by 

centralizing electric field near head 7e noairtv*.* «. k j • 

*i. L . positively, a big dram current cah 

flow through head 7e of protrusion 7p 

[0043] 

Thus, a big drain current flows the limited area. Therefore the 
source / drain electrodes 7A and 7B can be formed in a small area as 
compared w th the conventional comb-like source / drain electrodes 72 and 
73 (refer to figure 14 ). Therefore, the semiconductor device 1 can be 
miniaturized. 



Moreover, the big ON/OFF ratio can be obtained even if spacing 
between protrusion 7p of the source / drain electrode 7A and protrusion 7p 
of «hs source / drain e.ectrode 7B is narrow (fo, esantpie. ! n, LomeZ o r 



[0044] 



This semiconductor device 1 can be manufactured by the following 
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method for example. First. gate oxide 3 is obtained by thermally oxidizing 
the surface of the gate electrode 2 made of silicon that is made to be 
conductive by the dope of impurities. 

Then the film made of titanium is formed on the whole surface of 
gate oxide 3 by spatter method, and the film made of platinum is formed on 
xt by spatter method. And the film of titanium and the film platinum are 
shaped by ion milling, after performing electron beam exposure. Thereby 
the source / drain electrode 7 is obtained 
f0045] 

" and t h. N . eXt ' *-°**«<*" l«yer 8 is formed on the gate ox.de 3 

and the , dram electtode ? expoMd accotd . ne ^ 

the case of a low-molecular organic semiconductor, the organic- 
semiconductor layer 8 can be formed by vacuum evaporation techni,„e or 
the application method such a c ™ B + , . 

; thp low i , , SUCh ab cast > dl P« and spin-coating with dissolving 

the low-molecule in solution medium. In the case of a macromolecule 
orgame semiconductor, the organic-semiconductor layer 8 can be formed by 

he ma^ 7 T ^ " C * 8t * ^ ~ d with dissolving 

the macromolecule tn solution medium 

[0046] 

Moreover, a layer may be formed using precursor of the low- 
molecular organic semiconductor or precursor of the macromolecule organic 

ZZtZZ f th \?°"° ™«™* -'hod. A- thermal treafZ, 
may be done to form the organic-semiconductor layer 8. According to the 
above steps, the semiconductor device 1 shown in figure X is obtained 

Then, the semiconductor device 1 is heat- treated a. suitable 
temperature as required. The heat-treatment removes unnecessary 
Z Z T d ° eS ° 0t C0 " tribUt ' * conductivity, or what 

C0n,lV;TnT ibUtiOn '° ""—^ « «- organ, mo.ecu el 
contained in the organic-semiconductor lavor ft »„a 

iv . t . uuuor iayer 8, and arranges molecules 

that constitutes the organic-semiconductor layer 8 in the , ! 

[0047] y in the s Pecific direction. 

When the organic-semiconductor laver 8 i* m »A* * v. • , 
(for example, thiophen.based oligomer) m 111, " an b °. T.Z ^ 

rmpi": it hmi -p-- b r ;r. ;:r e 

example, a temperature that is 5 C- to 10 C lower than m.lt - 1 

transition temperature) of the materia, .^^^.T^T ' 
sem,conductor layer 8. At such temperature, moiecular mo^nTe/oles 
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active and chained oligomer is arranged for a short time. 

The mobility of the organic-semiconductor layer 8 can be raised 
according to the above effect. 
[0048] 

5 Figure 3 is the illustrative top view showing the configuration and 

arrangement of source electrode US and drain electrode 11D that can be 
used instead of the source / drain electrodes 7 A and 7B 

Source electrode IIS includes band-like section llr same as band- 
ike sect.cn 7r of the source / drain electrodes 7 A and 7B, and protrusion 
Hp, same as protrusion 7p of the source / drain electrodes 7A and 7B 
formed on the head of the band-like section llr. Drain electrode 11D has 

th * H 6 ,T gUrati ° n m ° 8tly Pr ° l0nged al ° ng the 8ame ^raxght-line with 
the band hke sectxon llr. The edge, by the side of source electrode IIS of 

18 *** *"* llf Whict perpendicularly in the 

direction in which band-like section llr is prolonged 

[0049] 

When a drain voltage is applied between source electrode IIS and 

eleT 11D ' eleCt " C fl6ld — -ead lie of source 

electrode US. 

When the main Carrie* in the organic-semiconductor layer 8 is an 

h iVT" '° SOUrce •"•"«*• »S, injection of a carrier takes p!ace 
through head lie of source electrode IIS, and a big drain current can flow 
Moreover, when the main t a ,n.. in n.. . 

... "™ m * la ca "'er in the organic-semiconductor layer 8 is a 

h l\ IT t0 dlaiD e,eetr ° de 11D " 0^ carrier takes piece 

through head lie of source electrode no , j L - piace 
[0050] electrode 11S, and a big drain current can flow. 

sem V S U1UStrati " tOP ViG W Sh ° Wi ^ the st *-ture of the 

semiconductor device of the second embodiment of this invention This 

semiconductor device 15 is an organic thin film field-effect transistor The 

" d^ 15 inClUd6S ° f "™ ' ^ 'del 

instead o th T °' ^ el ' Ctl ° deB 1?A 17B « 3 

instead of the source / drain electrodes 7A and 7B of the semiconductor 
device 1 shown in figure 1 I n fis>urp a i h a "iconauctor 
is not shown. ' or ^ nic -^miconductor layer 8 

The source / drain electrodes 16A and 16B respectively include band- 
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like section l6r same as band-like section 7r of the source / drain electrodes 
7A and 7B, and protrusion 16p. same as protrusion 7 P of the source / drain 
electrodes 7A and 7 B , formed on the head of the band-like section 16r 
Band-hke section l 6r of the source / drain electrode 16A and band-like 
5 section 16r of the source / drain electrode 16B are mostly arranged along 
the same straight-line. Protrusion 16p of the source / drain electrode 16A 
and protrusion 16p of the source / drain electrode 16B are opposed each 
other. 

T0051] 

> Similarly, the electrodes 17A and 17B respectively include band-like 

section 17r same as band-like section 7r of the source / drain electrodes 7A 
and 7B and protrusion 17p, same as protrusion 7p of the source / drain 
electrodes 7A and 7B, formed on the head of the band-hke section 17r 

.wr /^r* 011 ° f ^ el6Ctr ° de 1?A and band " like 17r of the 

electrode 17B are mostly arranged along the same straight-line 

Protrusion 17p of the electrode !7A and protrusion 17p of the electrode 17B 

are opposed each other. 

[0052] 

The opposite direction of the source / drain electrodes 16A and 16B 
and the opposite direction of Electrodes 17A and 17B intersect almost at ' 

source / d T ^ """" ' ^ 16A »° d 

source / dra in electrode 16B and the gap between electrode 17A and 

electrode 17B overlaps. That is, one pair of the source / drain electrodes 

16A and 16B, and one pair of electrodes 17A and 17B are opposed to each 

other across the common area of the organic-semiconductor layer 8 

the or T e ele T«° de ^ " C ° nneCted t0 Sid6 ' Which is ^osite to 
[0053] ^ 1?P ' ° f band - Hke secti0 * s ^r and 17r. 

orot ;: miC ; nduCt ° r device 15 «« * ^in ^ between 

protrusion 16p of the source / drain electrode ISA and protrusion 16p of the 
source /dra in electrode 16B through the electrode pad 18 connected to 
band-hke section 16r In this ^?^+ ^ u 

hf<J , ^ " tbls case ' concentrates near the 

through head 16e of protrusion 16 p. Furthermore, when a drain current 

d^io TT 1S aPPl ' ed " —*»»*»«« device 15 in the 
sou , „ m,erSeCtS t« the opposite direction of the 

source , dra.n electrodes 16A and !«B and to the opposite direction of 
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electrodes 17A and 17B (it is perpendicularly to the sheet of figure 4), and 
the potential difference between electrodes 17A and 17B is measured 
through the electrode pad 18 connected to band-like section 17r Thereby 
the carrier mobility of the organic-semiconductor layer can be measured by 
nail eftect measurement J 



hall effect measurement 
[0054] 



Figure 5 is an illustrative top view showing the structures of the 
semiconductor devices of the third embodiment and its modification of this 
xnventxon These semiconductor devices 20A-20C are organic thin film 
fzeld-effect transistors. The semiconductor devices include, on the gate 
oxxde film 8l one pair of source / drain electrodes 21A and 21B (figure 5 (a)) 
one pair of source 23S and drain electrode 23D (figure 5 (b». or one pair of 
source dram electrodes 25A and 25B (figure 5 (O) instead of the source / 
dram eiectrodes 7A and 7B of the semiconductor device 1 shown in figure 1 
15 In figure 5, organic-semiconductor layer 8 is not shown 
[0055] 

With reference to figure 5 (a), ,he source / drain electrodes 21A and 
21B of eem.conductor device 20A respectively include band-like sections 21r 
that are deposed almost parallel to each other. Fron band-like section 2 Ir 

tow!Vr" " eleCttCi ° 2lA ' tW ° " m °" """-"on 21p protrudes 

toward the source / the drain electrode 21 T« i 
- .> , , . iaia eiect roae dlB. In plane view, protrusion 2lp 

of the source / dram electrode 21A has the configuration of almost 
triangular shape, and is tapering off toward the source / drain electrode 



25 [0056] 



21B o f f" SeCti ° n 2U °' th6 sour « ' Strode 

21B, protrustons 21 p of the same number as protrusions 21p of the source / 

dra.n electrode 21A protrude toward the source / drain electrode Z Z 

Plane vtew protrusion 21p of ,he source / drain electrode 21B has the 

Z ZJT" ° alm °" trian6U ' ar £haPe ' 18 ° ff th. 

source / drain electrode 21A. 

of the s ! rOtrU ;l 0 ° 21P ,° f SOUrC6 ' dl " la eIeCt " de 21Aa " d P'-"«-o„ 21p 
of the Murce , draln elec „ ode 2JB opposed ^ each ^ 

3= .Tetrode 21 W B en S ° Ur " ' dlain 6leC,r ° de " A "* <"»"°° ' 

Th. h u " arr0W " m ° re Pa " S iD wh "* Ptotrusions 21p exist 

and the source / dra ln electrode 2ZB. eiec.ric field concentrates near heads 
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21e of each protrusion, 21p. Therefore, a big drain current can flow 
through such heads 21e. Since a pl urali,y of heada 21e exist, a drain 
current can be enlarged as total. 
(00571 

5 and "T ° f T 1 ^^ betWSM the S0UICe ' diodes 2!A 

with .1 , " ' eUctriC - fieId "-e"tra«ing regions exist discreteiy 

with almost constant spacing. 

device M b Tr°° ^ T 5 (b) ' S ° Ur " 8leCt *° de 238 ° f "miconductor 
dev.ce 20B has the same configuration as the source / drain electrode 2 1A 

and ,s equipped with band-like section 21r same as band-like section 23r 
and protrustons 23p same as protrusions 21p. Drain electrode 23D has a 
band-Lie configuration, and is opposed to band-like section 21- ,.7, 

parallel to band-like section 21r Th« / ° b * 

j . , section 21r, The side (source electrode 23S side) of 

drain electrode 23D is flat »«. .v » ■ 

» where band,ike ^Tp^" a ' m0St Para " eI * 

[00S81 

Source electrode 23S can achieve same effect as source electrode lis 
and drain electrode 23D can achieve same effect as drain elect de UD 

0 ame « f ! Theref ° re ' *0B can ach eve 

■0 same effect as the semiconductor device having source electrode US and 
dram electrode 11D shown in fiirur* r ,v & and 

n ln n & ur e 3. In this case, since a bie drain 
current can flow through heads 23e of protrusions 23n tk. J 
between source electrode 2SS « ^ , M 23p ' the drain c «^ent 

u rce e.ectrode 23S and drain electrode 23D can be enWprf nc 
total compared with the semiconductor devi™ ■ enlarged as 

' ::L%t;TT; iid -. - - zzz^zzzzzr 

licromet **T 23e «»* °PPosed to each other is 1 

micrometer or less. 

[0059] 
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At the time of current-flow betwp^n _ , 
drain electrode 23S. a plurality or'eTecTric fie M ° " ^ 

discretely with almost constant s P alg 

With reference to figure *5 CM tk 0 „~ , * 
ocp _ f oa . J g re 0 w - tne source / drain electrodes 25A and 

-sols ol semiconductor devi<>P 91-ir 1 x- . . v«ce ^rt. ana 

tfcov respectively include band-like section* 9^ 

that are opposed to each other. From band-like section 7, ! 

drain electrode 25A, one protrusion 25p protrude to , ' 
electrode t i protrudes toward a source / drain 

e ectiode 25B. In plane view, protrusion 25p has the configuration of 
almost triangular shape, and is tapering off toward the so "rln 
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electrode 25B. 
[0060] 

Sinxxlarly f rom band - Iike sectioQ Jlf of ^ , drain 

21B one protrusion 21p protrudes toward a source / drain electrode 21A 
n plane view, protrusion 21p has the configuration of almost triangular ' 
shape, and is tapering off toward the source / drain electrode 21A 

The parts, that is opposed to each other, of band-like section 25r 

zzz^t*" excep : the part ia which protrusion 25a is f — * 

10 source / L 1 ^ eleCtr ° de 25A flat *«* ™ <* the 

source / drain electrode 25B are opposed to each other, and protrusion 25 D 

of the source / drain electrode 25B and flat Da rt 2fif ° tlUf " 0n 25 *> 

i i ac P art of the source / drain 

electrode 25A are opposed to each other 

[0061] 

In the semiconductor device 9fif* = j 
K , , aevice a big dram current can flow 

IS through head 25e of Drotrimirtn 9«s« *e *i. 

head 9^ f * P rot ™sion 25p of the source / drain electrode 25A or 

head 25e of protrusion 25p of the source / drain electrode 2SR a 

the kinds of iD carrier in , he organic . semi<;on ^: ^ on 

20 Figure 6 is an illustrative ton view <?>m w ;™ 

• • , p view snowing the structure of tht» 

:::° t device of the for,h » - i™.** ™f 

equipped with one pair of the source / drain electrodes 2SA and 28B „„ ', 
oxide 3 instead of the source , drain electrodes ,A a„ d 7B 0 f Th e 
2S semiconductor device 1 shown in figure X. I„ figU re 6, the organic- 
semiconductor layer 8 is „„, shown organic 
[0062] 

like aeo^o nlZ th V* ^ 28 ° band- 

30 ke sec tons 28r f * "* ° PP0SCd ' *° " h "- "and- 

protrustn: 28p pro f"" " eCtr0d * S MB ' « - 

P^trude toward a source / drain electrode 28B and 28A 

;;;; is r perine off ™ th ° »«~ ' ^^; d 

[0063] P-'-sion 28 P forms a conve* curvature. 

35 Protrusion 28p of the source / drain electrode 9<ta a 

of the source , drain electrode 28B are oJ£X£Z£ 'ZX" ^ 
spacing between the source , drain e.ectrode 28A and the source / drain 
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electrode 28B ,s narrow in two or more parts in which protrusions 28p exist. 
Therefore, even if the head 28e of protrusion 28 is roundish, electric field 
can be centralized near head 28e of each protrusion 28p, and a big drain 
current can flow through head 28e. 
5 [0064] 

Figure 7 is the illustrative top view showing the structure of the 
semiconductor device of the fifth embodiment of this invention. The 
semaconductor device 29 is an organic thin film field-effect transistor, and is 

10 old 3 7 r; ° f S ° UrCe ' drain eleCtrodes ™* 30B on gate 
10 oxxde 3 mstead of the source / drain electrodes 7A and 7B of the 

senuconductor devxce 1 shown in figure 1. In figure 7, the organic- 
semiconductor layer 8 is not shown. 

like T! drain eleCtr ° des 30A and 30B respectively include band- 

15 I ke s l« V ° PP ° 8Gd ' ^ Parallel > t0 ° th - *«» band- 

15 hke sectxons 30r of the source / drain electrodes 30A and 30B, a plurality of 

protrusions 30P protrude toward a source / drain electrodes 30B and 30A 

Protrusxon 30p has the head configuration of almost fixed width, and does 

not taper off toward the source / drain electrode 30B and 30A 
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of th Pt ° t ™T 3 ° P ° f « he s °«<* ' l^i- Strode SOAand protrusion 30p 
of the source / drain electrode SOB are opposed ,o each other. Thereby 

.lecZ the source ' droin ° um ° d ° 3oa «* *• — > «-» 

eiectrode 30B is narrower at n^T-fc i« ™,u- l. 
. . u er at partt ' in which protrusions 30p exist than 

other parts. Therefore, even if protrusions 30p which is not tapering off is 

oTand T: " Centra ' iZed " ear h "» 80 "* 

ON/OFF t k ""*"" ~ fl ° W tht ° Ugh head 30e ' A » d • 

ON/OFF ratm can be maintained even if the gaps between heads 30e that 

are opposed to each other is 1 micrometer or iess 



[0066] 

30 «„ • ^ gUre * " " i " UStratil ' e l °P "ew showing the structure of the 
sem.conductor device of the 6th embodiment of this .nvention. The 

semiconductor device 3X is an organic thin dm field-effect transistor and is 
eou-pped h pair of the source / arain ^ « ator, and » 

ox.de 3 instead of ,he source , drain electrodes 7 A and 7B of the 
IS semiconductor device 1 shown i„ f igure x . In flgute 

semiconductor layer 8 is not shown. 8 

The source / dra.n dectrodes 32A and 32B have comb-like shape. In 
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the opposite section of the source / drain electrodes 32A and 32B many 
minute protrusions 32p protrude at the periphery section of the source / 
drain electrodes 32A and 32B. Protrusion 32p has the tapering 
conjuration. Protrusion 32p of the source / drain electrode 32A and 
protrusaon 32p of the source / drain electrode 32B are opposed to each other. 

M . ? V ttCh COnfiguration ' pacing between the source / drain electrode 
32A and the source / drain electrode 32B is narrow at parts in which 
Protrusions 32p exist. Therefore, electric field can be centralized near the 
head of protrusion 32 P , a big drain current can flow compared with the 
conventional comb-like source / drain electrodes 72 and 73 (refer to figure 
14) And a big ON/OFF ratio can be maintained even if the gap between 

fooTs] 810nS a " ° PP ° Sed ^ eaCh ° th6r " 1 microm ^r or less. 

Figure 9(a) is an illustrative top view of the semiconductor device 
(organic thin film field-effect transistor) of the 7th embodiment of this 
invention. Figure 9(b) is an illustrative sectional view of the 
semiconductor device of its modification. Figures 9(c) and (d) are 
fllustrative top views of the semiconductor device of another modification. 
In figures i 9(a) (c), and (d), the organic-semiconductor layer 8 is not shown 

With reference to figure 9(a), in the semiconductor device 35A a 
carbon nanotube 36 is connected to head 7e of protrusion 7 P of the source / 
dram electrodes 7A and 7B of the semiconductor device 1 shown in figure 1 

7B is7 h ° n A TT 36 C ° nneCted t0 3 ° UrCe / drai « and ' 

is turned to the source / drain electrodes 7B and 7A 

10069J 



Since a diameter of the carbon nanotube 36 is in the order of 
nanometer (nm), electric field can be centralized near the head of the 

30 obtarrer 110 ' ^ 6f£eCtiVely ' Ther6f0r *' 3 ° N/OPF ~**> ~» b. 

™ 6 Carbon — otube 36 may be combined with parts other than head 
7e of protrusion 7p, as shown in a two-dot chain line of figure 9(a) 
Furthermore, the carbon nanotube 36 may be combined with the whole 
surface m contact with the organic-semiconductor layer 8 of the source / 
BS drain electrodes 7A and 7B as semiconductor device 35B shown in figure 

C0070] 
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With reference to figure 9(c), the semiconductor device 35C is 
equipped with one pair of the source / drain electrodes 37A and 37B on gate 
oxide 3 in 9 tead of the source / drain electrodes 7A and 7B of the 

5 iTZtT dGVi r \ SW r " fi6Ure / drain electrodes 

Hr u f V T " mdUde band " like SeCti0nS 37r — OPPOsed in 

parallel, to each other. From band-like section 37r of the source / drain 

electrodes 37A and 37B, a plurality of carbon nanotubes 36 protrude toward 

a source drain electrode 37B and 37A. Also in this case, eLtric field can 

cT r the head of a ca - b °* — * - * - 

10071] 

and the"" " an r be 36 C °™ CUi t0 the S °« C<! ' d ""» *** 37A 

not need to be be opposed ,o eaeh other with strict alignment. In this ease 
a b, re er drain current flows in the cotnb.nation with the shortest d s Lee 

'7 —■>»««•» "etween the head of the earhon nanotube 36 eZTeted 
to the source / drain electrodp 17 a *v, i_ > * , ^nnectea 

»in eiectroae 37A and the head of the carbon nanotube 36 
connected to the source / drain electrode 37B anotube 36 

[0072] 

ecu Z {th I 6 '" 61106 t0 fi&Ure 9 < d) ' ^ semiconductor device 35D is 

ate Z uT 7 "/I 1 SOUl ' Ce 6leCtr0de 388 38D on 

gate oxide 3 instead of the source / drain a 

ource ' aiain electrodes 7A and 7B of the 

semiconductor device 1 shown in figure i. 

Source electrode 38S has the same configuration as the source / drain 

: t r ; d ;r e A (r : fer r igure 9(c)) > aod contai - b —*« 

section 37 r 7 i ^ Carb ° n 36 fc ° band,ike 

sectzon 37r. Dram electrode 38D has the band-like configuration fl „H 
opposed in parallel to band-like section 3«r TK C °* llgUratlon > a *d are 
.♦j \ y* « . section dBr. The side (source electmHo qca 

side) of dram electrode 38D is flat parts 38f almost parallel to the d , 
where band-lika **r-n n r* o fi , parallel to the direction 

Dana like section 38r 1S prolonged. The carbon nanotube 36 
protrudes toward drain electrode 38D anotube 36 

[0073] 

UD (refer to fi^ r^^*^™ ° 'T " 

i • , 6 inei ^re, the semiconductor device 35D can 

achieve the same effect fK. • , OOXJ can 

n q semiconductor device having source electrode 

US and dram electrode 11D shown in fi*ur* q T +v.- electrode 

n in n S Ure 3. In this case, since a big 
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drain current can flow through the head of carbon nanotubes 36, a drain 

current can be enlarged as total compared with the semiconductor device 

h8Vmg S ° UlrCe elect ™ d e US and drain electrode 11D. And a big ON/OFF 
ratio can be obtained. 

5 [0074] 

7A 7B T 3 h 7A titan i a Jr 0tUbe be f0rm$d iD S ° UrCe ' drai ° electrodes 
7A, 7B, 37A, and 37B and source electrode 38S, instead of a carbon 

nanotube 36, or, with the carbon nanotube 36. 

Furthermore, the nanowire may be formed instead of nanotubes such 
10 as a carbon nanotube 36 and a titania nanotube, or, with the nanotube. 
The nanowire can be made of a conductive material used for electrode 
materials, such as gold, platinum, and silver 
[0075] 

15 eW t Ca ^°° nan ° tube 36 ca » be connected to the source / drain 
15 electrodes 7A, 7B, 37A, and 37B, and source electrode 38S by an 
electrophoresis method. 

Figure 10 is an illustrative sectional view showing the structure of 
the semiconductor device concerning the 8th embodiment of this invention 
The semiconductor device 40 is an organic thin film field-effect 
■0 transistor. Gate insulating film 43 made of silicon oxide, the organic- 
semiconductor layer 44, and one pair of the source , drain electrodes 45A 

that 7 ?T m thlS ° n S&t ' el6Ctl>0de 42 «*■ of^lioou 

[0076* conductive by the dope of impurities. 

^ insulating film 43 is formed on the whole surface of gate 

surface of *? °™ SemiC - d ^ layer 44 is formed on the whole 

surface of gate insulating film 43. The source / drain electrode 45A and the 
source / dram electrode 45B are opposed to each other across the gap 

cond t ""J" 6leCtr0deS 45A «* «B made of the same 

conductive material as the source / drain electrodes 7A and 7B The 

organic-semiconductor layer 44 can be made of the same organic- 
semiconductor material as the organic-semiconductor layer 8. 

b.tw..^V^T/" to, , d-vice 40, a current (drain current) can *™ 

itzz t 45a and the source • ^ ei ~ 

el* J a !o °^ anic - Se ^ond«ctor layer 44 by making the gate 
electrode 42 into suitable potential with apply.ng a suitable voltage (gate 
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voltage) between the gate electrode 42 and the ground, and by applying a 
suitable voltage (drain voltage) between the source / drain electrode 45A 
and tbe source / drain electrode 45B. That is, the semiconductor device 40 
functions as a field-effect transistor. 
S [0078] 

The planar configuration of the source / drain electrodes 45A and 
45B may be the same as the planar configuration of the source / drain 
electrodes 7A, 7B, 21A, 218. 25A, 25B. 28A, 28B, 30A, SOB. 32A, 32B. 37A 
and 37B, and may be these electrodes to which carbon nanotubes 36 
!0 connected. Moreover, the source electrode and drain electrode which nave 
the planar configuration same as the source electrodes US, 23 S> and 38S 
and the dram electrodes 11D, 23D, and 38D may be formed anstead of the 
source / drain electrodes 45A and 45B. 

In any case, a big drain current can flow by electric-field 
15 concentration, and a good ON/OFF ratio is obtained 
[0079] 

Furthermore, two pairs of electrodes may be formed by the 
rectangular arrangement same as the electrodes 16A, 16B. 17A, and 17B 
shown ,n figure 4 instead of the source / drain electrodes 45A and 45B 
^0 Such a semiconductor device can achieve the same effect as the 
semiconductor device 15 shown in figure 4. 

Figure 11 is the illustrative top view showing the structure of the 
senaconductor device concerning the 9th embodiment of this invention. 
Th 18 senuconductor device 50 contains, on the organic-semiconductor layer 

ea^T" °l S ° UrCe ' drain 9leCtr0d - «A and 52B that are opposed to 
each other and the gate electrode 53 arranged in the side of the opposite 
sectzon of the source / drain electrodes 52A and 52B 
[0080] 

The source / drain electrodes 52A and 52B delude respectively band- 
» hke sect.cn 52r mostly prolonged along the same straight Hue, and 

protrusion 52p of almost triangular shape in plane view. Pension 52p of 
he source drain electrodes 52A and 52B has the head configuration and is 

r g ° f r " d the — ' Electrodes 52B and 52A That'i 

protrusion o2p of the source / drain electrode K<> A Q a . 

am eiectroae 52A and protrusion S9n n e ♦ 

source / drain eUc.rode S2B are opposed t o each oeher Th e e!ect ode pad 
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[0081] 

The gate electrode 53 is mostly prolonged in parallel in the array 
direction of the source / drain electrodes 52A and 52B. Gate insulating 
film 55 is formed on the gate electrode 53. Gate insulating film 55 is 

The7 e l SO ?r " ^ 53 ^ Pl-e view. 

Therefore the gate electrode 53 is opposed to the organxc-semiconductor 

zz^z:t source 1 drain eiectrode 52a - d 52B — - 

10 hat ^ S6miC0nduCt0r device g 0 * current (drain current) can flow 

iTzi r rce ' drain eiectrode 52a ana the s ° urce 7 

52B through the organic-semiconductor layer 51 by making the gate 
electrode 53 into suitable potential with appl yi „g a suitable voltage (gate 
vol age) between the gate electrode 53 and the ground, and by applying a 
suitable voltage (drain voltage) between the source / drain electrode 52A 
15 and be source / drain electrode 52B. That is, the semiconductor deWce 50 
functions as a field-effect transistor 
[0082] 

In this case, since electric field concentrate near the head 52e of 
protrusion 52p, a big drain current can be flow through the head 52. 1 H 
20 good ON/OFF ratio can be obtained. ough the head 52e, and a 

Although explanation of embodiments of this invention is as above 
this xnventaon can be carried out with other embodiments. Por example 

MnVsT 6 t eIeCtr ° de ° r a S0UICe 6leCtr0de — thaTtw ' 

, 5 h ad P /° 10nS 7P ' 30P Sel6Cting from ?p ^ving a 

having a d configuration shown in figure 6. and protrusion 30 P not 
tapering off and having almost fixed width 
[0083] 

30 figure 8 M 7e° Ver ; " ^ "°™" ' ^ 32A *" d 32B in 

t Lnia 7 ^ f ° rmed WUh the Carb - ^ube and/or the 

titania nanotube instead of protrusion 32 P . 

r»n X " additi ° ni " is POSsibIe t0 P^form various modifications in the 
range of the matter indicated by the claim 
[0084] 

35 [Example] 

.J i«r TrtT device 15 whjch h " s the s ° urce ' 

Snd 16B ° f ,he hMd -"figuration sWn in figure 4, and th. 
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semiconductor dev 1C e 70 which has the comb-like source / drain electrodes 
72 and 73 shown in figure 14 were produced, and each current-voltage 
characteristic was measured. 

The manufacture method of semiconductor devices 15 and 70 is as 
s follows. The gate electrode 2 was made of high doped silicon (Si) The 
gate oxide films 3 and 71 made of silicon oxide were formed by thermally 
oxidizing the gate electrode 2 to a depth of about lOOnm. The titanium 
thin film was formed on the whole surface of the gate oxide films 3 and 71 
by spatter. And the platinum thin film was further formed on the whole 
10 surface of the titanium thin film. 
[0085] 

Then the titanium thin film and the platinum thin film were shaped 
by electron beam exposure and ion milling. Thus, the source / drain 

15 sto 0 ^ 0 ^ el6Ctr0deS 1?A 1?B ° f a head configuration 
15 shown m figure 4 were formed in a semiconductor device 15, and the comb- 
ike source / drain electrodes 72 and 73 shown in figure 14 were formed in 
the semiconductor device 70. Concerning the semi-conductor device 15 
spacing between protrusions 16 P opposed to each other, and spacing ' 
between protrusions 17p opposed to each other were set to about 1 

sTu C r C °e m /T r " C r C6r " ing Semic - d -tor device 70, spacing between the 
sour e / drain electrode 72 and the source / drain electrode 73 was set to 25 
micrometers or 1 micrometer. 
[0086] 

Next, organiceemiconductor layer 8 made of a phenyl-terminated 

TtZ a : Tr: P3T> was formed by v ™™ ««««« « £L 

f the s.de Cthee.de in which the source / drain electrodes 16A. .63. 72 and 
73 were formed) of gate oxide film 3 and 71 so that the source I drain 

rate of O o T ^ * ^ °' °' 10 < « -operation 

rate of 0.5 nm/min. and a substrate temperature of 80 'C Thus the 

orgamc semioonduetor layer 8 in which the molec uI e shaft of a phenyl- 

term.nated thiophene trinter mo.ecule arranged almost at right angles to 

[COsT Carr ' Sd ° Ut S,la " fied gr °" th Stained 

drain vlHa U r V T , M " Pr ° PCr,y flgUre Sh ° WiEB the *««« «he 

dram „ol,age and a dram current for every gate voltage. Pi g ure l 2 ( a ) 

shows a measurement rp^if rtfr t fi s B e A ^ a; 

nt reSult of the semiconductor device 15 (example). 
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Figure 12(b) shows a measurement result of the semiconductor device 70 
(hereinafter called "the comparison sample 1") having spacing of 25 
micrometers between the source / drain electrodes 72 and 73. Figure 12 (c) 
shows a measurement result of the semiconductor device 70 (hereinafter 
> called "the comparison sample 2") having spacing of 1 micrometer between 
the source / drain electrodes 72 and 73. Gate voltage (voltage between the 
[0088] 2 ^ ^ gt0und) was set t0 0V, -5V, -10V. - 15 V, and -20V. 

Concerning the semiconductor device 15 and the comparison sample 
1, when gate voltage is applied and a drain voltage is close to 0, a drain 
current becomes large with reduction of a drain voltage, and when a drain 
vo tage is beyond about -10 to 30V, a drain current is not based on a drain 
voltage and is almost fixed (figure 12(a), (b)). 

On the other hand, concerning the comparison sample 2, a drain 
current is not based on gate voltage and is increasing in monotone with 
reduction of a drain voltage. 
[0089] 

That is, when the comb-like source / drain electrodes 72 and 73 are 
used and spacing between the source / drain electrodes 72 and 73 is as large 
as about 25 micrometers, there is little change of the drain current over a 
dram voltage but when spacing between the source / drain electrode 72 and 
73 is as small as about 1 micrometer, change of the drain current over a 
drain voltage is large. On the other hand, when the source / drain 
electrodes 16A and 16B having a tip configuration are used and spacing 
between the source / drain electrodes 16A and 16B is as small as about 1 
micrometer, there is little change of the drain current over a drain voltage. 

F *f ure 13 » Property figure showing the measurement result of the 
relation between measurement temperature and the carrier mobility of the 
organic-semiconductor layer 8. 

** * J" SemlCOnduCt0r device 15 ' »°biUty becomes high according to 
that the measurement temperature becomes high. Especially, when the 
measurement temperature is about 325-350K, mobility is rising rapidly 
with the measurement temperature. Mobility is decreasing because of 
destruction of the element accompanying melting of the organic- 
semiconductor layer 8 in when the mAA«,i™™*„+ * 

or en tne me *surement temperature is about 350K 
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[0091] 

The above thing shows that a semiconductor device 15 can make 
mobility high by heat treatment. It is considered that the mobility was 
improved because unnecessary molecules (the molecules which do not 
1 contribute to conductivity, or which have the small contribution to 

conductivity) were removed by heat treatment, and the rearrangement of a 
molecule (crystal) happened. It is considered to be able to improve 
dra $tlcally by performiag heat treatment under ^ ^ ^ 

vL 0 irTrT COndUCt0r layer SmCe m ° leCUlar ™^ maintains 
even after the device is cooled to the room temperature. 

[Brief Description of the Drawings] 

.T/Z 11 P r re V a " illUStrit ™ .hewing the structure of 

mZTZ o CODCerninS ^ °' this invention 

(Figure 2] P Ig ure 2 is an illustrative perspective view showing the 

configuration and arrangement of the source / drain electrode of the 
semiconductor device of figure 1 

>™Z12TJ iS " U!U8tratiVe 3hWin e «» -»«eUra,ion and 

ZZ TT T u S ° UrCe 0tr0de WMCh Ca " " e Med inst ° ad "it*, source 
/ drain electrode shown in figure 1. 

sUT f 4 " " illU6t ' ati - to » *taw showing the structure of the 

" ,M1 ;r COnC " nin " ,h ° —* embodiment of this invention 

Irr? ?t 6 is a ° *» ^ the of i 

r::;trti dev,ce coaceraiae third emw — * - — »* 

[Figure 6] Figure 6 is an illustrative top view showing the structure of the 

F.eu d r, t0r T CmiUe th ° fOU " h -f this invention 

(Figure 7] Figure 7 is an illustrative top view showing the structure of the 

sem 10 onductor device concerning the fifth embodiment rfrt,- • 

[Fieura Rl m„,„ o • embodiment of this invention. 

ir.guis 8] Figure 8 is an illustrative top view showing the structure of the 
semiconductor device concerning the 6th embodiment of this invent on 

Figure 9] Figure 9 is an Ulustra.ive top view and sectiona! view of a 
sem.conduc.or device concerning the semiconductor device concerning the 
7th embodiment of this invention, and its modification 

Figure 10) Figure 10 is an illustrative sectional view showing the structure 
of the semiconductor device concerning the 8th embodiment of this 
invention. 
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[Figure U] P igur6 n is an illustrative top view showing the structure of 
the semiconductor device concerning the 9th embodiment of this invents. 
D^ure 2] F.gure 12 is a property figure showing the relation between the 
drain voltage and a drain current for every gate voltage 
5 (Figure 13J Figure 13 is a property figure showing the relation between 

measurement temperature and the mobility of an organic-semiconductor 
layer. 

(Figure 14) Figure 14 is an illustrative top view showing the configurate 

,0 1,' r UrCe < " eC,r ° de ° f ** o»f-i. thin filn field- 

10 effect transistor. 

[Description of Notations] 

J" If" 'r; 200 ' 31> 35A " 35D ' 4 °' 50: Semiconductor device 

^, 42, 53: Gate electrode 

3, 43: Gate oxide 
15 55: Gate Insulating Film 

4 7 5B 7 52A 1A, H £n 2S C A ' 25B ' 28A ' 28B ' 30A ' 30B > 32A » 32B ' 37A ' 87B - 45A. 
45B, 52A, and 52B: Source drain electrode 

7p. Hp, 16p, 2lp, 23p. 25p, 28p, 30p, 32p, 52 P : Protrusion 
7e, He, 16e, 21e, 23e, 25e, 52 e : Head 
>-o 8, 44, 51: Organic-semiconductor layer 
US, 23S, 38S: Source electrode 
11D, 23D, 38D: Drain electrode 
17A, 17B: Electrode 
36: Carb on Nanotube 
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[Abstract] 

fProblem(s)] To offer a semiconductor device containing the organic 
semiconductor which can be miniaturized 

~*"nlTl VlU * r: Wem) d -iee 1 includes gate . 

ox.de film 3, one pair of the source / drain electrodes 7A and 7B and 

Z*!T Mm , i r dUC r lay " 8 "* f °" ne< ' ln tWe « «» «•«• "strode 

The source / dra.n electrodes 7A and 7B respectively include band like 

orair o -? t m ° S " y , Pr0l0nged al0 " g " mC and protrusion 7p 

tr '*"<^" « Plane ™. that are forced on the top of the 

B hav the 6 ' f Pr ° trUSi0n ^ ° f ' 

, I ! 1 c ° nfl8ur * t ">^ «e tapering off toward the source / drain 
e ec rode 7B and 7A. Spacing between protrusion 7p of the source L a Z 
electrode 7A and protrusion 7p of the source / drain el.ctrode 7B is 
preferably 1 micrometer or less, 
[Selected figure] Figure 2 
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Fig. 5 




06/0t> 39Vd 



'O'd HWSH 



ZWZ:(s$4iiui) NOUWina * lOBKSKWQISO 1 QQEKtfSINa . CUkJHXdHldSn WS » tal P-rcpue^ luqseg] lAld BWZ Z003/E/t IV OADH ■ 06M 39Vd 




06 /It? 39Vd 



'D'd HWSH 



I08£-SSt?-2I9 9£i£l Z002/£0/T0 




Fig. 1 1 



2S/ZP 3SVd 



'O'd nwsH 



1088-99^-219 SS'-SX <L00Z/£0/I0 



B-JZ:(ss-Nfl) NOIiVHM , 108MSK WOO 1 OOGtttfSINQ * m-XK&Omm * Ni NWS ^jSBg] Wd K3K M»L W OAOH 1 06/Ct 30Vd 




Drain Voltage (-V) 




Drain Voltage (-V) 




Drain Voltage (^V) 



Fig. 12 



06 /Cfr 39Vd 



•o'd nwsH 



;;-/;:(sshuui) NOIIVUM « W8KSK IMISO * OOOKftSMQ « CLf MDUHldSNllAS . Nl mm wajsea] Wd E£8M imm IVOAOa . MVd 




*» So 200 250 300 3«> 

■ 

Measurement Temperature (K) 



Fig. 13 
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